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High quality early childhood education (ECE) programs can have a profound effect on children's development while simultaneously yielding substantial social returns . Further, the benefits of ECE are most pronounced for low-income children , Hispanic children , and Black children , suggesting that investments in ECE may be powerful tools for tackling early childhood achievement gaps and inequality. For these reasons, public investment in ECE has grown rapidly in the United States over the past two decades .
Despite the strong evidence that early investments can create large and lasting benefits for children, research tracking the impacts of large-scale, present-day ECE programs has yielded mixed results. Recent reviews of the literature indicate that children who attend public preschool in the year prior to kindergarten start school significantly ahead of their peers .
However, a growing body of research also suggests that the initial benefits on children's academic skills may be short-lived, dissipating quickly as children progress through school These findings have led to heightened interest among policy-makers and researchers in identifying specific program characteristics that promote returns on early childhood investments.
In a recently-released consensus statement, a group of early childhood experts stressed the need to understand how preschool can serve as "an enduring base for future learning" and emphasized a need to unpack the particular features of preschool programs that contribute to children's development . Traditionally, policy-makers and researchers focused on "structural" characteristics of ECE settings such as the qualifications of educators, the class size, and the staff-child ratios More recently, there has also been substantial interest in more processoriented features such as teacher-child interactions, curricula and access to professional To our knowledge, this is the first rigorous randomized control trial (RCT) about the benefits of full-day preschool on children's school readiness skills. We find that relative to offers of half-day preschool, full-day preschool produces large, positive effects on children's receptive vocabulary skills (0.267 standard deviations) in the spring of their preschool year. Among children enrolled in the public preschool program, full-day preschool also yields positive effects on children's cognition, literacy, math, and physical development. Our results also suggest that positive results are still present as children start their kindergarten year. Combined, the short-term effects on children's school readiness skills suggest the promise for longer-term and more meaningful impacts of full-day preschool.
This study presents results from an RCT of full versus half day pre-kindergarten (pre-k) in a school system near Denver, Colorado. Section 2 provides background about the potential benefits of intensifying children's exposure to ECE, section 3 describes the context for the current study.
Section 4 describes the study design, measures, and analysis models; section 5 presents the impacts of full-day pre-k on children's outcomes at the end of pre-k as well as the beginning of kindergarten. We conclude by offering recommendations for policy-makers, and areas for future work.
Background
ECE programs vary substantially with respect to the structural features (e.g. teacher education levels, ratios), process features (e.g. the quality of teacher child interactions) and importantly, their contributions to children's learning (Bassok, Fitzpatrick, Greenberg, & Loeb, 2016; Morris et al., 2018; . Improving ECE at scale will require a better understanding of which particular features are most important for program effectiveness. Towards this goal, a growing body of research has examined the effect of specific program characteristics.
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For instance, recent RCTs have examined the effects of professional development for ECE teachers, as well as the impacts of specific curricula and teacher-child interactions (Araujo, Carneiro, Cruz-Aguayo, & Schady, 2016; Clements & Sarama, 2008; Early, Maxwell, Ponder, & Pan, 2017; Piasta et al., 2017) . However, relatively few studies in ECE have used experimental methods to examine how structural features of ECE programs, which are the primary drivers of programs' costs, impact children's development. For example, there are no experimental studies measuring the impact of teacher education levels, teacher pay, or teacher-child ratios on children's learning in ECE settings. Similarly, few studies have provided rigorous causal evidence on the link between children's learning and the intensity of an ECE program, defined broadly to encompass both the number of years children attend a program, and the number of hours they are enrolled per week.
The most effective and rigorously evaluated ECE programs provided intensive interventions for children and their families. For instance, the Carolina Abecedarian Project, one of the most-touted ECE programs for its sizable impacts into adulthood, offered full-day preschool, five days a week, from infancy to age 5 and has been linked to positive outcomes through age 30 (Campbell et al., 2012; . However, it is not clear the extent to which these findings were caused by the relatively intense exposure or whether it could be explained by other features of the Abecedarian program. For example, from infancy, Abecedarian children were exposed to rich learning environments with trained child development specialists and health and medical professionals, while children in the Abecedarian control condition stayed home, without access to similar care environments. The existing literature fails to isolate the unique contribution of intensive exposure.
More recent studies have focused on understanding the unique role of ECE intensity but have generally done so within the context of kindergarten rather than preschool settings. About 80 percent of kindergarteners attend full-day programs, a striking increase from the late seventies when roughly three quarters of kindergarteners attended half-day programs . This rapid expansion of full-day kindergarten has fostered heightened interest among policymakers and researchers in understanding how children are impacted by the longer school day. We are aware of only one study that uses random assignment to identify the impact of offering full versus half day kindergarten on children's outcomes. C.
Gibbs (2014) studied over-subscribed full-day kindergarten programs in Indiana, where lotteries were used to allocate full-day slots. Comparing children within the same school, she found that children randomly-assigned to full rather than half-day kindergarten scored 0.31 standard deviations higher on a literacy assessment by the end of the kindergarten year. Benefits were even larger for Hispanic children and children who began kindergarten with relatively low literacy skills.
To date, nearly all other studies tackling this question have relied on observational data, comparing children who attended full-day programs to those who attended half-day programs after accounting, to the extent possible, for selection factors at the child, family, school, or community level (Brownell et al., 2015; . Several of the most influential studies used the Early Childhood Longitudinal Study-Kindergarten Cohort (ECLS-K), which tracks a nationally-representative sample of children who entered kindergarten in 1998 as they progress through elementary and middle school . These studies show that at the end of the kindergarten year, children
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6 who attended full-day programs outperform similar children in half-day programs on a variety of outcomes. However, these differences dissipate quickly, with no significant differences by the time children are in third or fifth grade.
A recent meta-analysis of 40 studies of full-day kindergarten released between 1979 and 2009 came to similar conclusions (Cooper, Allen, Patall, & Dent, 2010) . It showed that at the end of kindergarten, children who attended full-day kindergarten scored about a quarter of standard deviation higher than similar children in half-day programs, but that as children progressed through the elementary school years, these differences between groups disappeared. However, the authors of this review cautioned that the evidence-base on this question "leaves much to be desired" noting that the correlational nature of the studies does not sufficiently address issues of selection and cannot be used to draw causal conclusions.
Nevertheless, the limited experimental evidence available to date (C. , as well as the broader correlational evidence on full-day kindergarten, do support the notion that more hours of exposure to kindergarten benefits young children's academic skill-building, at least in the short-term. It is not clear, however, whether results from the kindergarten context generalize to preschool settings. ECE programs serve younger children with unique developmental needs.
Classroom practices, routines and curricula differ between ECE and kindergarten classrooms, and the teachers guiding children's learning oftentimes differ substantially across these contexts with respect to their education, training, and compensation (Abry, Latham, Bassok, & LoCasaleCrouch, 2015; Whitebook, Phillips, & Howes, 2014) .
Unfortunately, there is only a small body of literature examining the impacts of ECE intensity on children's development prior to the kindergarten year. Only one unpublished study is experimental (Robin, Frede, & Barnett, 2006) . That study included 294 four-year-old children 7 drawn from an urban school district serving mostly low-income families who were randomly assigned to full (N = 77) or half day (N = 217) classes. The half-day program consisted of 2.5-to 3-hour classes for 41 weeks; the full-day program consisted of 8-hour classes for 45 weeks. At kindergarten, full-day program children scored significantly higher on cognitive assessments compared to those in the half-day program and continued to outperform the comparison group at first-grade. However, the full-day preschool group was more advantaged at baseline compared to their half-day counterparts, limiting the interpretability of the RCT results. For example, full-day children scored significantly higher on multiple pre-intervention assessments and their mothers worked more hours per week. Given the lack of baseline equivalence, the results from this study should be interpreted with caution.
All other studies about the link between preschool intensity and child outcomes rely on non-experimental or quasi-experimental methods and yield mixed results (Herry, Maltais, & Thompson, 2007) . For instance, Reynolds et al. (2014) conducted within-school comparisons of children in 11 Child-Parent Center (CPC) education programs. The CPC is a long-standing early intervention program that provides comprehensive education and family services to families in low-income neighborhoods in Chicago. Reynolds et al. compared outcomes of children who attended full-and half-day programs within the same school and found that full-day children have better attendance and scored higher on four of the six school readiness indicators, including language, math, social-emotional development and physical health. However, the authors caution that their results may be biased because the full-day program prioritized enrollment for four-yearolds, so children in the half-and full-day programs were not equivalent with respect to age at baseline.
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Several studies have leveraged large datasets and regression-adjustment approaches, to examine the association between the intensity of ECE settings and child outcomes. For instance, data from the nationally representative ECLS-K suggest that the benefits of ECE programs are more pronounced for children who start attending as toddlers or spend more hours in preschool per week . On the other hand, a number of large-scale studies also indicate that children who spend more hours in center-based child care exhibited somewhat higher incidences of behavioral problems .
Studies that have explored the benefits of full-and half-day programs specifically within the context of the Federal Head Start program also yield mixed results. Leow and Wen (2017) used propensity score matching approaches and 2016 Family and Child Experiences Survey (FACES) data to compare outcomes for three-and four-year-old children who attend full-and half-day Head Start. Their results did not indicate any benefits of full-day classes on five academic and social outcomes in kindergarten. In contrast, in his reanalysis of data from the Head Start Impact Study examined whether heterogeneity in impacts across settings was explained by observable program characteristics. He found that Head Start centers offering full-day services produced larger impacts on children's cognitive outcomes compared to centers providing only part-day programming. However, this result may have been due to the offer of full-day services, or to other unobserved program feature related to full-day programming.
Finally, in a related set of studies, researchers have examined ECE intensity by comparing the benefits of participating in one versus two years of preschool. Using observational approaches, such as propensity score matching, researchers found that relative to children with one year of preschool, those with two years showed improved performance both at school entry, and as they progressed through the early elementary grades (Leow & Wen, 2017; Shah et al., 2017; Wen, Leow, Hahs-Vaughn, Korfmacher, & Marcus, 2012) .
Taken together, these studies suggest that more intensive dosages of exposure to ECE classrooms in the preschool setting may have meaningful and at times sustained impacts on children's development. However, the empirical evidence supporting these findings is limited in terms of methodological rigor for supporting causal inferences. Our study adds to existing literature by providing new experimental evidence about the impacts of full-day preschool on a host of short-term outcomes in a low-income, largely Latino population.
Study Context
Westminster Public Schools (WPS) is a public-school district located northwest of Denver that serves approximately ten thousand students annually. While about 50 percent of WPS students perform at or above proficiency on statewide exams, there are large disparities in academic achievement between groups. For instance, while virtually 100 percent of WPS's fully Englishfluent students are "proficient" in grade 3 math scores, only about 15 percent of its Not-English Proficient (NEP) students achieve proficiency status (Westminster Public Schools TCAP Results, 2014). The district has been tasked with providing educational programming to a population of students that is largely non-White (83 percent), low-income (76 percent), and non-native English speaking (34 percent). In recent years, it has struggled to overcome the systemic socio-economic barriers that inhibit the performance of these students.
In order to intensify its ECE offerings, WPS used a pay-for-success funding model and secured funding to expand its pre-k program from half-day only to also include full-day classes Families who did not receive slots in the full-day program were offered enrollment in the businessas-usual half-day program.
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To assess the efficacy of FDPK on student and family outcomes, WPS committed to a rigorous evaluation of its initiative. WPS worked with the research team to randomly assign offers of full-and half-day pre-k to eligible families. In 2016-17, the district opened seven new full-day pre-k classrooms that were available for six hours per day, five days a week; the half-day program ran as it has in past, with classes available for three hours per day, four days a week. Compared to the half-day program, FDPK more than doubled the number of hours per week for children in ECE settings and added more than 600 classroom-hours over the school year. In part, these additional hours were used for lunch and a daily nap. Beyond this, teachers could use the remaining hours in a variety of ways including literacy instruction, math instruction, structured or unstructured play, etc. Aside from the substantial differences with respect to intensity, full-and half-day classrooms were similar in many respects. All WPS pre-k classrooms were led by teachers with a bachelor's degree, they maintained the same teacher-to-child ratios, and they used the same curriculum (Literacy Express). This paper presents findings from the first year of FDPK, and is focused on children's school readiness outcomes, as measured both at the end of the preschool year and at the beginning of kindergarten. Below we describe the research design for the evaluation study, analysis models, and sensitivity checks for RCT estimates.
Methods
Research Design
The current study of FDPK employs a randomized block design (within first choice of school site) in which eligible families who completed an application were randomly assigned to offers of full-and half-day classrooms. In this case, the block randomized design was ideal because it allowed the study team to accommodate families' preferences for school sites, while also reducing the likelihood for chance imbalances across groups. Because a small number of families did not take-up their lottery assignments into full-or half-day classrooms, we estimate the intentto-treat (ITT) and complier-average-treatment-effects (CATE) as the causal estimands of interest.
Sample
All children who reside within the district and are age four by the first of October are eligible to participate in the FDPK program. In order for families to enroll in WPS generally, they must complete a required preschool application that includes health certifications and the child birth certificate. Families were included in the current study if they expressed interest in full-day preschool on their application, they completed the consent process, and their child(ren) had no known special education needs that prevented them from being served within a full-day classroom (e.g., if special equipment was required, a six-hour day is inappropriate).
The sample includes a total of 226 children with 114 children randomly assigned to offers for FDPK and 112 assigned to offers for the half-day program. Table 1 provides descriptive information about the study sample. Overall, the sample is largely Hispanic (74 percent) and lowincome (61 percent qualified for free-lunch, and 13 percent qualified for reduced-price lunch). The General Preschool Application (more on this data source below) asks the child's primary caregiver a series of questions about the child's family history. For instance, 37 percent reported having received some education beyond high school, and 51 percent indicated that their home language is English. About 20 percent responded 'yes' to the question, "Has an immediate family member [of the child] received Special Education services?". About 20 percent of caregivers also indicated that the enrolled student has low language development, and 40 percent indicated low social development for the child.
2 The average age of children enrolled in the pilot study was 4.39 years, and about half the children are male.
Data Collection
To examine the impact of FDPK on children's outcomes, the study team assessed children's receptive vocabulary skills and administered an intensive developmental screener that identifies children who may need special education services. These assessments were conducted within the first month of fall 2016 (baseline) and again in the last month of spring 2017 (end of pre-k year). Crucially, all study children were administered the same assessments, regardless of whether or not they enrolled in WPS pre-k. If a child was enrolled in WPS pre-k (half-and fullday programs), the study team administered the receptive vocabulary assessment and developmental screener during regular pre-k hours. If a child was not enrolled in WPS, the study team met with the family directly to administer measures outside of the classroom setting.
In addition to outcome measures collected by the study team, the evaluation also includes assessments administered directly by the school district. However, because these measures are available only for the subset of children enrolled in WPS, we treat these study results as exploratory.
Measures of School Readiness
Primary outcomes. Children's receptive vocabulary was measured by the Peabody Picture Vocabulary Test, 4 th Edition (PPVT-4) (L. M. Dunn & Dunn, 2007) . The PPVT-IV is a 228-item test in standard English administered by having children point to one of four pictures that best corresponds to a spoken word. The PPVT-4 Scale is norm-referenced and is widely used as a measure of children and adult's receptive, or heard, vocabulary. The PPVT-IV has strong psychometric properties with evidence for high reliability and validity (L. Dunn & Dunn, 2013 ) (Dunn & Dunn, 2013) .
The Early Screening Inventory-Revised (ESI-R) is a one-on-one, 20-minute developmental screening tool that is appropriate for children from 3 years 5 months to 5-years 11 months (Meisels, Marsden, Wiske, & Henderson, 1997) . The measure evaluates children's developmental abilities in three domains of school readiness. To assess visual-motor/adaptive reasoning, the child is asked to replicate patterns with blocks and copy with a drawing. To assess cognition and language, the child is given four tasks that allow her to demonstrate ability to comprehend language, express ideas, and reason and count. To assess gross motor skills, the child is asked to jump, hop, and other physical coordination tasks. Results from the ESI-R indicate the instrument is both reliable and valid (Meisels, Henderson, Liaw, Browning, & Ten Have, 1993; Moodie et al., 2014) . A Spanish language version of the screener is also available, and we administer the ESI-R in the child's primary language.
Exploratory outcomes. As discussed above, in addition to the data collected directly by our research team, we also considered two outcomes collected by WPS. First during the fall and spring of the pre-k year, all teachers assessed children using Teaching Strategies GOLD (TS GOLD) a widely-used, observation-based authentic assessment (Heroman et al., 2010) . Teachers observe children's skills during typical classroom sessions and evaluate them across up to nine broad areas of development (e.g., literacy, mathematics, language, social-emotional, cognitive, and physical). TS GOLD has been used in other studies tracking the association between preschool intensity and child outcomes (Reynolds et al., 2014) . Although teacher-reported, the measure is correlated with direct assessments and has shown strong reliability and validity (Teaching Strategies, 2011 . Further, recent research indicates the assessment functions well with children whose home language is not English (Kim, Lambert, & Burts, 2013) .
The second district-administered measure we use in this study is the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) (Good & Kaminski, 2002) . The DIBELS assesses children's early literacy skills in the areas of phonemic awareness, phonics, reading comprehensive, fluency, and vocabulary. It is designed to help identify children who may experience difficulty acquiring basic early literacy skills. The measure shows adequate validity and reliability and has been adopted by a number of states to assess children's school readiness (Good et al., 2004) . WPS administers the DIBELS to children during the fall and spring of the kindergarten year and provided us with two subdomain scores-First Sound Fluency and Letter Naming Fluency-as well as an overall composite score. The current study presents RCT results on the TS GOLD at the end of the pre-k year, and the DIBELS in the fall of the kindergarten year.
Baseline Measures
A unique strength of the current study is that we have access to an unusually rich set of baseline covariates, including measures of child, home, and family characteristics as well as baseline assessments for primary outcomes. All applicants to Westminster complete a General Preschool Application, which included questions about children's race/ethnicity, gender, birthdate and age, free/reduced-price lunch program eligibility, primary language, and the primary language spoken in the home. In addition, the child's parent or primary guardian indicated their educational background, and whether there is a history of family drug/alcohol abuse, special needs, frequent school moves, housing difficulty, domestic abuse, social services involvement, and extreme child medical events occurring within the family. Parents also indicated whether they were concerned about the child's low language and/or social development. Finally, our research team administered measures of the PPVT and the ESI-R in early fall of the pre-k year and teachers also assessed children using the TS GOLD during the same period. These baseline covariates greatly enhance our ability to assess covariate balance across groups and improve statistical precision to detect effects.
Analysis Model
In Equation (1), we present the statistical model used to estimate causal effects of full-day pre-k on student outcomes of interest:
" #$%:' represents an outcome for student i in school site j at the end of the second semester of the pre-k year (t=1). The variable . #$ is the dummy variable coded to 1 if the child was randomly assigned to receive an offer of full-day pre-k (treatment) and 0 if offered a half-day spot (control).
Our analysis models also include a series of school site fixed effects 8 $ , as well as a vector of timeinvariant (0 12 ) and time-varying controls (0 124&5 ) that were taken at baseline (see Table 1 for a list of covariates). In this model, * ' captures the intent-to-treat effect of interest-that is, conditional on covariates in the model, * ' is the average effect on " due to randomly assigned offers of fullor half-day pre-k. We also used two-stage least square approaches to estimate the complier average treatment effects-that is, it is the effect of attending full-day pre-k on children's school readiness skills.
Validity Checks for Experimental Design
Because randomized experiments in field settings are rarely (if ever) implemented perfectly, we conducted a series of diagnostic probes to assess the extent to which validity threats occurred. Below, we discuss the results of our diagnostic checks for covariate balance, treatment non-compliance, and for missing data on outcomes.
Covariate balance. Even with random assignment, it is possible the full-and half-day groups differ based on chance alone. We tested whether there were differences in groups at baseline by running a series of regressions in which each baseline covariate was regressed on indicators for whether the family was offered full-day pre-k and site fixed effects. The dependent variables in these regressions included all baseline covariates discussed above. Each row of Table   2 presents the results from a separate regression with the same specification but a different dependent variable. Results in a standardized metric are also presented visually in Figure 1Error ! Reference source not found..
The full-and half-day groups were similar at baseline. For instance, the groups are very well matched with respect to racial composition, age, gender, home language, and parental education. As expected by chance, only one of the twenty-one group differences considered is statistically significant. The one statistically significant coefficient is for the percentage of families reporting "frequent moves" (5 percent of treatment children, and 17 percent of control children, and an associated p-value of 0.003). Furthermore, there does not appear to be any systematic patterns of advantage or disadvantage between the groups. The full-day group has somewhat higher percentages of some characteristics that are historically associated with lower test score performance (e.g., children in the full-day group are approximately 11 percentage points more likely to be eligible for free lunch). However, in other cases, half-day families exhibit slightly higher means (e.g., 75.8 percent of control families are Hispanic, while 72.0 percent of treatment families are Hispanic). Overall, the balance tests suggest little evidence that there were systematic differences between groups at baseline. Further, sensitivity analyses indicate that the magnitude of our experimental estimates is robust to the inclusion of baseline covariates in the model.
Treatment non-compliance. Families are randomized to offers of full or half-day pre-k slots in WPS. Some may choose to not take up their offers. In particular, families assigned to a half-day WPS slot may opt out of WPS pre-k and could possibly enroll their child in a different full day setting. Such treatment non-compliance leads to a discrepancy between assigned and observed treatment status. Across both conditions, 74 percent of the study sample participated in the pre-k classroom to which they were assigned. Among those who were randomly assigned to full-day pre-k, 86 percent attended the full-day program in WPS. Among those assigned to the half-day group, 62 percent participated in half-day classes in WPS. This differential take-up rate across groups was expected given that all study families had initially indicated interest in a fullday slot. A small portion of study participants experienced crossover. Specifically, two percent of families assigned to full-day pre-k switched to the half-day program in WPS, and nine percent of families who were initially assigned to half-day pre-k enrolled in the WPS full-day program.
To address threats to internal validity from this non-compliance we estimate ITT effects that isolate the causal impact of receiving an offer to participate in the full-day program, as well as CATE effects, which estimate the impact of the program for compliers.
Missing data and attrition. Because families were required to complete the General Preschool Application to enroll in FKPK, there is very little missing data on baseline covariates (see Table 1 for missing data rates). For the few cases in which we did not have baseline covariate information, we included controls for missing data in the analysis models. Table 1 shows that 12 percent of the study sample is missing data on the main student outcomes of interest, the spring PPVT and ESI-R because we were unable to reach some families to complete the assessments. Table 3 summarizes baseline characteristics of half-and full-day children for the full sample, and for the remaining sample without missing information. It shows that the remaining sample is similar to the complete study sample, and that there is no evidence of differential attrition across the groups.
As expected, there is more missing data on assessments that were administered by the school district rather than by our study team. WPS administers TS GOLD to children during the fall and spring of the pre-k year, and DIBELS during the fall of the kindergarten year. Because the assessments are given only to participants who enrolled in public pre-k and kindergarten, we lack these outcomes for children who did not participate in WPS pre-k and/or kindergarten. Altogether, we lack TS GOLD data for approximately 20 percent of the study sample, and DIBELS data for 38 percent of the sample.
Tables A1 and A2 in the Appendix A compare baseline information for the full RCT sample, and the subset of children who had TS GOLD scores at the end of the pre-k year and DIBELS scores in the fall of the kindergarten year, respectively. Reassuringly, we find that although there is substantial missing data across both groups, we do not observe systematic differences in either full-or half-day group, suggesting that the kinds of participants missing data may generally not systematically different from the full sample. Nevertheless, given the high levels of missingness, we treat these outcomes as exploratory. In specification checks, described further below, we also assess whether impacts on these outcomes are robust to conservative assumptions about the nature of the missing data. Table 4 presents our estimates of the ITT and CATE for our primary outcomes, PPVT and ESI-R. Columns labeled M1 show the standardized mean differences in effects with only school site fixed effects included in the model; the M2 columns show impact estimates with school site fixed effects and controls for student and family demographic factors; and the M3 columns present results from our preferred model, which includes school site fixed effects, controls for demographic factors, as well as baseline pretest scores. Across all three models, treatment effect estimates are generally stable, while the proportion of variance explained increases substantially across models. Table 4 shows that the impact of offering full-day pre-k resulted in an increase of 0.267 standard deviations on the PPVT-4 (upper-left panel of Table 5 from our preferred Model 3. Table 5 results suggest that children randomly assigned to an offer of full-day pre-k were rated more highly on the TS GOLD than their peers in half-day programs. Treatment effects are positive for all six domains assessed, and statistically significant for four of the six domains (cognition, literacy, math, and physical development). The largest effects were for literacy (ITT = 0.390 standard deviations; CATE = 0.489 standard 
Results
Robustness Checks for Missing Outcome Data
Despite the fact that we make every effort to assess all study children not enrolled in WPS, we do not observe outcomes for all study children at the end of preschool or the start of kindergarten due to the natural mobility that occurs in any district during and after preschool (see Table 1 ). One could be concerned that the missingness is systematic and could bias our results.
We would be particularly concerned in a scenario where high-scoring control students (or lowperforming treatment students) were more likely to have missing data, as these patterns would bias our estimates upward so that they appear larger than they actually are.
As a robustness check for our estimated effects, we make assumptions about the missing outcome scores that would work strongly against our findings: Within each school, we assume that every missing control group child would have performed on these assessments at the average level of the apparently higher-scoring treatment group. Likewise, we assume that every missing treatment group child would have performed at the average level of the control group. These strong assumptions correspond to the upwards bias scenario described above. Recall that we do see evidence that the observable characteristics of the pre-and post-missing data samples are systematically different from one another, so this thought experiment may be somewhat overlypunitive. Nevertheless, we can look to see if the direction and magnitude of estimated effects under these assumptions remain positive and meaningfully large (if not still statistically significant).
When we make these assumptions, we find the pattern of the results generally persists. We rerun the analyses presented in Table 4 and Table 5 now with the imputed outcome data and present updated results in Table 6 . Note that in Table 6 there are now N=226 children in every model because all study participants now have a value for the outcomes, imputed or otherwise. In Table   6 we see that the estimated effects are generally smaller in magnitude, but most remain positive and substantively large. Statistical significance should be interpreted with caution when analyzing imputed outcome data, however ten of the estimated effects continue to be statistically significant despite moving closer to zero. This suggests that the direction and magnitude of our findings are insensitive to the missing data that is both present in this study and endemic to all longitudinal early childhood research designs.
Discussion
To complement the large body of research examining whether preschool leads to benefits for children, evidence is needed on the conditions under which preschool is most effective. The current study provides the first rigorous evidence on the effects of full-day preschool on young children's school readiness. Unlike the majority of the existing research on the intensity of early childhood interventions that reports regression adjusted associations between program exposure and child outcomes, the current study leverages a school-based lottery to conduct an RCT, thus isolating the causal relationship between full-day programs and young children's early development.
The results indicate that the offer of full-day pre-k positively impacted young children's school readiness skills. In particular, children offered full-day pre-k scored a quarter of a standard deviation higher on the PPVT, a widely-used measure of receptive vocabulary, than peers offered half-day pre-k. These impacts are sizable. To put them in perspective, we compare them to rigorous findings from studies examining the overall impact of ECE interventions, rather than the specific impact of program intensity. Experimental evidence on the impacts of Head Start indicated that three-year-olds randomly assigned to a Head Start slot scored 0.13 standard deviations higher than those in the control group on the PPVT (Puma, Bell, Cook, Heid, & Lopez, 2005) . Among fouryear-olds, random assignment to a Head Start offer was not significantly related with this measure. used regression discontinuity methods to estimate the impact of five state prekindergarten programs on the PPVT. They found that effects sizes ranged from a statistically insignificant -0.13 in Michigan to a statistically significant 0.36 in New Jersey. Only two of the
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23 five states considered showed statistically significant positive impacts on this outcome. In a recent study expanding this work to eight state pre-kindergarten programs (Barnett et al., 2018) , the average effect sizes of pre-kindergarten on the PPVT was 0.24, though only three of eight states (New Jersey, Michigan and Oklahoma) showed statistically significant impacts in the authors' preferred model, and results were sensitive to model fit. The effects observed in the current study are thus larger than what is often observed in studies of overall ECE impacts, and roughly the same size as those seen for some of the most successful state pre-kindergarten programs. These findings are encouraging, especially given the importance of unconstrained skills, and particularly early vocabulary, for children's reading at third grade and longer-term literacy success (Snow & Matthews, 2016) .
Our results indicate positive but statistically insignificant effects at the end of the preschool year on the ESI-R, a developmental screener used to identify children who may need special education services. We find positive outcomes with respect to the TS GOLD, a widely-used, teacher-reported observational tool, which captures development across a broader range of developmental domains. Here too effects were encouraging. We found statistically significant and sizable impacts on cognition, literacy, math, and physical skills, ranging in effects sizes from 0.19 to 0.39. The coefficients for the other two outcomes considered (language and socio-emotional development) were both about 0.10 and were not statistically significant. A recent nonrandomized study exploring the impacts of full-day preschool in the context of Chicago's Child-Parent Centers also showed that children in full-day classrooms outperformed their peers on four of six TS GOLD outcomes, though curiously they found statistically significant outcomes on language and socioemotional development but not literacy or cognition (Reynolds et al., 2014) .
We interpret the TS GOLD findings with caution for two reasons. First, because the measure was collected as part of "business-as-usual" practice for WPS pre-k, it is unavailable for the non-random sample of children who ultimately did not attend pre-k in WPS despite receiving an offer to do so. Findings in the current analysis are robust to relatively conservative assumptions about the values of this missing data. A second concern about the TS GOLD data is that it is reported by teachers who are aware of children's full versus half-day status, which may introduce bias. Several factors may work against this possibility. First, the formal TS GOLD trainings teachers take are designed specifically to increase accuracy and reduce rating bias. In addition, WPS teachers have been routinely administering TS GOLD in their classrooms for at least six years prior to the study and therefore it is very much standard practice and not specific to this study. Ultimately we cannot directly address possible bias in teacher-reported assessments, however existing research does suggest that teachers' ratings of children are strongly correlated with direct assessments.
Finally, effect sizes for the DIBELS, a direct literacy assessment administered by WPS in the fall of the kindergarten year, were substantial (ES=0.34), though only marginally statistically significant given the smaller sample size. These results closely align with C. R. whose lottery-based analysis of full-day kindergarten shows ITT effects of approximately a third of a standard deviation. Again, these findings are encouraging given the association between early literacy, as measured by this assessment, and children's development of reading skills throughout elementary school (Burke, Hagan-Burke, Kwok, & Parker, 2009; Rouse & Fantuzzo, 2006) .
However, as with the TS GOLD, caution is warranted, given the relatively high rates of missingness on this WPS-only outcome.
Taken together, the effects documented in the current paper, which were systematically positive, and in most cases also statistically significant, provide the most rigorous evidence to date on the impacts of an extended pre-kindergarten day for young children's school readiness skills.
These findings are important, especially in light of recent calls for more rigorous evidence on the impacts of specific aspects of ECE in fostering children's learning gains .
At the same time, the current study, which focuses on the immediate impacts of full-day pre-k on child outcomes within one Colorado district, leaves many important questions unanswered, and four of these warrant particular consideration: (1) To what extent will the benefits observed at the end of the pre-k year and at the beginning of kindergarten be maintained as children proceed through the early grades and beyond?; (2) To what extent do the experimental findings documented in the current study-which focused on a predominantly Hispanic, predominantly low-income sample-generalize to other contexts?; (3) If full-day classrooms are effective, what specific practices and experiences are driving the benefits and; (4) How do the costs and benefits associated with full-day pre-k compare to the returns from other approaches to ensuring ECE quality? Each of these questions are critical towards understanding the promise of expanded access to pre-k as a strategy for supporting young children's development.
In ongoing work we are beginning to answer these questions by tracking the children in the current study as they proceed through the first four years of elementary school. In addition to the current cohort of children, we are tracking two additional cohorts of WPS children, who will also be randomly assigned to an offer of full-or half-day pre-k. For these cohorts we are collecting unusually rich data that will allow us to descriptively unpack the mechanisms driving the benefits of a full-day pre-k experience. In particular, through multiple classroom observations throughout the year, we are collecting detailed information about the time-use in full and half day classrooms,
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as well as the quality of teacher-child interactions as measured by the Classroom Assessment Scoring System, CLASS (Pianta, La Paro, & Hamre, 2008) . We also supplement these observational measures with detailed parent surveys which allow us to explore the potential impacts of full-day programs on parental employment and family well-being. These surveys will also provide us with detailed information about the counterfactual condition, highlighting how young children in half-day programs spend the out-of-school portions of their day. Finally, we are in the process of replicating our study in the context of a second school district located in southern California, which also serves a predominantly Hispanic population, but is targeted and serves a substantially more at-risk sample.
Our goal is that through this deep-dive into the impacts of one particular feature of ECE, program quality, and through similar undertakings about other potentially central ECE features such as curricula, professional development, etc., we will begin to provide policy-makers with the kind of evidence necessary to make smart decisions not about whether or not to offer ECE programs but about how to design policies that yield meaningful and sustained impacts. 
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